Background: Despite the long experience of cardiac implantable electronic device
| INTRODUCTION
Cardiac implantable electronic devices (CIEDs), that is, pacemakers (PPMs), implantable cardioverter-defibrillators (ICDs) and cardiac resynchronization therapy with and without defibrillator (CRT-D/ CRT-P), are indicated for a growing number of patients with tachyarrhythmia, bradyarrhythmia or severely reduced ejection fraction, can become infected. 1 CIED infection is associated with a marked increase in mortality and in-hospital financial charges. 2 The true incidence of CIED infection is difficult to determine due to lack of a comprehensive registry or mandatory reporting. In a review of 22
studies that included at least 1,000 patients from North America, European countries, and Australia, the rate of infections ranged from 0.5% to 2.2%. 3 Annual rate of CIED infection in the United States markedly increased since 2004. 2 This coincided with increased implantation in older patients with comorbidities. An increased rate of CIED infection in the United Kingdom was also reported. 4 Previous studies showed risk factors associated with CIED infection included early CIED re-intervention, 5, 6 postoperative hematoma, [7] [8] [9] CIED replacement, 9-11 more complex CIED, 6, 12, 13 use of temporary pacemaker prior to implantation, 5,9 a large number of prior procedures, 5 prior CIED infection, 14, 15 lack of proper preoperative antibiotics, 14 longer procedure time, 6 ,14 fever or systemic infection, 5, 14 chronic kidney disease, 6, 14, 16, 17 hemodialysis, 6 chronic skin disease, 14 corticosteroid treatment, 9 chronic obstructive pulmonary disease, 9, 14, 15 diabetes, 9,14 malignancy, 14 male gender, 10, 16 and younger age. 10, 12 In western countries, gram-positive cocci are major types of CIED infection (from 67.5% of patients to 92.5% of isolates across ten studies). 3 The most commonly isolated microorganisms included coagulase-negative Staphylococci, and Staphylococcus aureus. Gram-negative bacilli were isolated in 1%-17% of episodes, 3 and polymicrobial infection was reported with a range from 2% to 24.5%. 3 Fungal and Mycobacterium spp. infection were very rare. 3, 18 In Asian countries, gram-negative bacilli have surpassed grampositive cocci in many types of infections including infections in patients with foreign materials. Gram-negative bacilli accounted for 36%-60% of causative pathogens of central venous catheter-related blood stream infections in a tertiary hospital in India, 19, 20 whereas gram-negative bacilli accounted for only 19%-21% of these infections in the western countries. 21, 22 In prosthetic joint infection, gram-negative organisms accounted for 20% in Taiwan 23 and 6%-23% in India, 24 whereas only 6%-11% in North America. 25 However, data on microbiology of CIED infection in Asian countries are limited. Studies from Japan and China showed that Staphylococcus remained the predominant pathogen associated with CIED infection. [26] [27] [28] In Thailand, CIED implantation has been increasingly performed.
Nevertheless, incidence of CIED infection has never been studied. 
| RESULTS

| Incidence
The rate of CIED implantation at Ramathibodi Hospital was gradu- identified (0.9% incidence). The annual rate of infection was stable (< 2.4%) (Figure 2 ). Consideration as to the type of devices, incidence of PPM, AICD, and CRT infection were 0.6%, 1.3%, and 1.7%, respectively.
| Case characteristics
A total of 54 episodes of CIED infection were included in this study ( 
and 26 episodes of infection following CIED implantation in
Ramathibodi Hospital and outside hospitals, respectively). Of all CIED infection, 44 (81.5%) patients had generator pocket infections, 4 (7.4%) patients had CIED-LI, and 6 (11.1%) patients had CIED-IE.
108 matched patients were included in this evaluation. Demographic data of patients with and without CIED infections are shown in years in PPM, AICD, and CRT, respectively. We found no statistical significance among time to infection of the devices (P = 0.118).
| Microbiological characteristics of CIED infections
In all 54 cases of diagnosed CIED infection, 30 (55.6%) cases were monomicrobial infections, five (9.3%) cases were polymicrobial infections, and 19 (35.2%) cases were culture negative ( Figure 3 ). Coagulase-negative Staphylococci (CoNS) were the most frequently There were no statistically significant differences in microbiology of early-vs late-onset infection in this cohort (Table 3) . Eleven 
| Risk factors
| Management and outcomes
Prior to infected device removal, all patients were assessed for a need of ongoing CIED therapy. Twenty-three of 54 cases required re-implantation of a new device, of which 14 replacements were PPMs, 7 were AICDs, and 2 were CRTs. In the CIED infected cases, 44 (81.5%) of the devices were completely removed (both generator and leads), 2 (3.7%) removed only the generator but left the leads, and 8 (14.8%) left the device in situ. All replacements were placed at a median (IQR) of 28 (14-43) days following removal of the infected device. Outcomes were as follows: 40 cases were cured, seven cases were relapse of CIED infection, and one died because of hospital acquired pneumonia. There were six cases that the outcome could not be traced due to referral back to outside hospitals. Leaving device in situ was the only factor significantly associated with poor outcome (relapse of the infection or death) (OR 11.40, 95% CI 1.52-85.73; P = 0.018).
| DISCUSSION
At Ramathibodi Hospital, the majority of devices that increased were PPM. The marked increased rate of implantation might be the result of the start of Thailand's Universal Coverage Scheme in 2002, which covered approximately 75% of the entire Thai population, making more patients able to access the appropriate treatment. 32 Our study demonstrated that the annual incidence of CIED infection at Ramathibodi Hospital was stable at approximately 0.9% despite a continuous rise in CIED implantation. In our series, the incidence of
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| 635 the infection was comparable to previous reports from Japan (1.1%), 33 and China (1.9%). 34 During study period, the method of CIED implantation and perioperative antibiotics were not changed.
However, after a case of mycobacterial infection, skin preparation technique was changed since 2015. This included preprocedure Most of the positive culture in this study were gram-positive organisms similar to western countries, but in a lower proportion (44.4% vs 68%-93%). 3 CoNS, which are one of the normal skin flora, were the most frequent cause of the CIED infections, indicating that most CIED infections were inoculated at the time of implantations. 28, 35, 36 Although monomicrobial gram-negative CIED infection composed only 11.1% in this study, all polymicrobial CIED infection patients, composed of gram-negative bacilli. Two episodes (3.7%) of
Mycobacterium fortuitum, which is a rapid growing mycobacterium (RGM), were found in this study. One grew from wound tissue and another grew from blood culture. Mycobacterium related CIED infection was rarely found. There were case reports both from Asian and western countries. 18, [37] [38] [39] The most common isolated Mycobacterial organisms were in the M. fortuitum group, which account for approximately 50% of mycobacterial infections. 18 The rate of negative culture was quite high in our study. This might be due to some patients receiving antibiotic therapy before they presented to our hospital, 27, 40 and thus potentially confounded the microbiological data in this study.
At our center, cefazolin followed by cephalexin for a 7-day course was the most common antibiotics prescribed as perioperative antibiotics. Because of the high proportion of methicillin-susceptible pathogen and gram-negative organisms, cefazolin and cephalexin In patients with pocket infection without systemic infection and complete device removal was not feasible due to patient's condition/preference or limited availability of care, prolonged course of oral antibiotic was provided to the patients as an alternative. Our result revealed poor outcome in the group, which the system was not completely removed. In our study, the rate of relapse of CIED infection was 6.5% in the completely removed group that underwent re-implantation after finishing a 14-21-day course of antibiotics, healed explanted site and a negative repeat hemoculture. Telemetry monitoring or exteriorized pacemaker could provide a temporary solution that would enable delay of the re-implantation procedure and minimize the possibility of relapse infection in these high-risk patients. 41 Subcutaneous implantable cardioverter-defibrillator may be the appropriate choice in selected patients, because the rate of recurrent infection is low, even in the previous CIED infected patient. 42 To our knowledge, this is the first study to describe CIED infection in Thailand. The strength of our study was that a majority of infected patients in other parts of Thailand were referred to our hospital because only a few hospitals in Thailand could provide laser lead extraction for the CIED infected patients.
Our study had some limitations. We were unable to reach medical records of some patients, and information of some procedurerelated risk factors in the patients referred from outside hospitals.
| CONCLUSIONS
In conclusion, incidence of CIED infection in Thailand shows a stable trend while the rate of CIED implantation continues to rise.
Microbiology of CIED infection in Thailand is quite similar to western countries. Perioperative antibiotic spectrum should cover both gram-positive and gram-negative organisms. Broad-spectrum antibiotics with staphylococci and gram-negative organisms including Pseudomonas species coverage should be used as empirical antibiotics for CIED infection in Thailand. Risk factors associated with CIED infection are previous history of CIED infection and generator revision procedure. Therefore, patients with these risk factors must be closely monitored. A multicenter study of CIED infection in Thailand should be pursued.
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